The CLEO-c experiment has been collecting data at the charm-threshold region. A selection of recent results on charmed meson and charmonia decays are presented.
Introduction
The CLEO-c experiment has been taking data at the CESR symmetric e + e − collider at the charm threshold region since 2003. The main goal of the experiment is to perform high precision measurements of hadronic branching fractions, leptonic decay constants, and semileptonic form factors of charmed mesons, together with an extensive study of QCD spectroscopy in the charmonium sector in order to provide rigorous constraints on the strong interaction theory, especially Lattice QCD calculations. If the theoretical calculations survive these tests they can be used to provide much needed theoretical input to extract quark mixing (CKM) matrix elements (e.g. V ub , V td and V ts ), which remain limited by complications caused by strong interaction dynamics. The selected topics discussed here are the measurement of the absolute branching fraction of Cabibbo-favored hadronic D 0 , D + , and D s decays; measurement of the leptonic decays, D 
Since ǫ ij ≈ ǫ i ǫ j , the branching fraction is nearly independent of the efficiency of the tagging mode, and many systematic uncertainties cancel in the ratio. 2 . ∆E peaks around zero and M bc peaks at the nominal D mass. We require ∆E to be consistent with zero within 3 standard deviations, and extract the number of single and double tags from a fit to the one-dimensional and two-dimensional M bc distributions, respectively. Fig. 1 
In order to select D 
2 is due to D s produced directly, while the broad peak between 2.01 − 2.07 GeV/c 2 is due to D s from D 
The decay D
, which is one of the largest and easiest to reconstruct, is frequently used as a reference mode to normalize other D s decays. However, Dalitz plot analysis of this final state by the E687 and FOCUS collaborations has revealed significant signal contribution (from f 0 (980) or a 0 (980)) in the relevant K + K − mass region. Because of this extra signal the φπ + branching fraction might be ill-measured depending on the specific choice of (mass and helicity angle) cuts. Therefore, we report the partial D
where the mass of the K + K − system lies within a ±∆M (in MeV/c 2 ) mass range around the φ mass (1019.5 MeV/c 2 ), which is more useful from experimental point of view than the φπ + branching fraction. The partial branching fraction with two choices of ∆M are B 10 = (1.98 ± 0.12 ± 0.09)% and B 20 = (2.25 ± 0.13 ± 0.12)%. In the Standard Model (SM), purely leptonic decays D
via the annihilation of the constituent quarks into a virtual W + boson. The decay width is proportional to the decay constant, f D (s) , which encapsulates the strong interaction dynamics in the decay:
m and M are the mass of the charged lepton and the D (s) meson, respectively, G F is the Fermi coupling constant, V cd (V cs ) is the relevant quark mixing (CKM) matrix element. Knowledge of the decay constants is critical for the extraction of CKM matrix elements: e.g. the determination of V td and V ts from measurement of BB and B sBs mixing is limited by the uncertainty in the calculation of f B and f Bs , which currently cannot be measured directly. Experimental measurement of the D meson decay constants (f D (s) ) provide an important test of strong interaction theories and validate the most promising calculations involving lattice QCD 6) .
Since the decay width is a function of m 2 (helicity suppression), the decay rate to τ ν is the largest among the three lepton flavors. Although the D + (D + s ) decay rate to µν is a factor of 2.65 (9.72) smaller in the SM, it is easier to measure than the decay to τ ν because of the presence of extra neutrino(s) produced by the subsequent decay of the τ . The decay rate to eν is suppressed by about five orders of magnitude which is well below the current experimental sensitivity. Any deviation from the SM ratios would be an indication of new physics 7) .
CLEO has measured the D + → µ + ν branching fraction in 281 pb −1 data collected at the ψ(3770) 8) . We have fully reconstructed the D − decaying to six hadronic final states (
, which represent more then 35% of all D decays. Candidates are selected by requiring ∆E to be consistent with zero within 2.5σ ∆E , and the number of tags in each mode is extracted from a fit to the M bc distribution. The sum of all tags in the range −2.5σ M bc < M bc − M D < 2.0σ M bc is 158, 354 ± 496 with a background of 30, 677. In the selected events, we search for a single additional track consistent with a µ + and calculate the missing mass squared 
where E cm ( p cm ) the center of mass energy and momentum of the colliding e + e − beam. Regardless whether the D Then we require a single additional track in the event with opposite charge to the D s tag and no additional neutral energy cluster with more then 300 MeV. The missing mass is calculated using the energy and momentum of the candidate track (E µ , p µ ):
We consider three cases depending on whether the additional track is consistent
The separation between our muon and pion selection is not complete: the muon selection is 99% efficient for muons (with a 60% fake rate for pions), while the pion selection accepts 40% of pions (with a 1% fake rate for muons). The M M 2 distribution for the three cases is shown on Fig.  7 . The peak around zero in (i) is mostly due to D s → µν events. In contrast, D s → τ ν → πνν events has a longer tail on the positive side due to the extra neutrino. Therefore, we define three signal regions: (A) −0.05 < M M 2 < 0.05 GeV 2 in (i) for µν (92 events); (B) 0.05 < M M 2 < 0.20 GeV 2 in (i) and (C) −0.05 < M M 2 < 0.20 GeV 2 in (ii) for πνν (31 and 25 events, respectively). The estimated background from sources other than D s → µν or πνν decays is 3.5, 3.5, and 3.7 events, respectively, in the three signal regions. events using the decay
In order to obtain a clean sample of signal events, theD 0 has been reconstructed using the same tagging technique described in section 2, imposing loose requirements on ∆E and M bc of the candidates. The D 0 → K 0 S φ decay was selected because the final state pions and kaons have small momenta, and therefore the uncertainty in their measurements makes small contribution to the final result. In addition, the mass of the K 0 S candidates can be kinematically constrained to its well known value.
Pions from the K 
The error in the binding energy is now dominated by the uncertainty in the mass of the X(3872).
Study of χ
In contrast to the 1 −− members of the charmonium states (J/ψ, ψ(2S)), the decays of the χ cJ (J = 0, 1, 2) states are not well studied. The different decay mechanism of these states (dominated by annihilation into two (virtual) gluons and contribution from the color-octet mechanism) might provide complimentary information on light hadron spectroscopy and possible glueball dynamics 12) .
At CLEO, the χ cJ states are produced in radiative decays of the ψ(2S) and we study their decays to eight selected three-body hadronic modes:
We have measured branching fractions or set upper limits for the first time in most cases using about 3 million ψ(2S) decays 13) . As an example, Fig. 9 illustrates the invariant mass distribution for two of the hadronic final states. We perform a Dalitz-plot analysis of the decays with the highest statistics, χ c1 → π + π − η (228 events), K + K − π 0 (137 events), and π + K − K 0 S (234 events) in order to study the two-body resonant substructure. We use a simplified model with non-interfering resonances, which is adequate to show the largest contributions in our small sample. More data is required to do a complete partial-wave analysis taking into ) from purely leptonic decays are also statistics limited with a total relative uncertainty of 8% (4%). I have also presented the most precise measurement of the D 0 mass, and a study of three-body hadronic decays of the χ cJ states.
Precision of these and other measurements will improve in the near future with more data on the way. CLEO-c has already collected an additional 8 times more data on the ψ(2S), and we plan to increase the DD and D 
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